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photoObj quantities
http://data.sdss3.org/datamodel/files/BOSS_PHOTOOBJ/RERUN/RUN/CAMCOL/photoObj.html

Type & quality tags:

objc_type (int16): Type classification of the object (star, galaxy, cosmic ray, etc.)
0 (OBJ_UNK): An object of unknown type.

! 1 (OBJ_CR): Not used.

! 2 (OBJ_DEFECT): Not used.

! 3 (OBJ_GALAXY): Object is classified as a galaxy

4 (OBJ_GHOST): Not used.

! 5 (OBJ_KNOWNOBJ): Not used.

! 6 (OBJ_STAR): Object is classified as a star

! 7 (OBJ_TRAIL): Not used.

! 8 (OBJ_SKY): Empty part of the image designated for sky.

! objc_flags (int32): photo object attribute flags (see http://www.astro.princeton.edu/~rhl/flags.html)

objc_flags2 (int32): Second set of photo object attribute flags

fracDeV[5] (float32): Weight of deV component in deV+Exp model

psf_fwhm[5] (float32): PSF FWHM (arcsec)

Flux tags:

! psfMag[5] (float32): PSF magnitude (mag)

psfMagErr[5] (float32): PSF magnitude error (mag)

psfFlux[5] (float32): PSF flux (nanomaggies)

psfFluxIvar[5] (float32): PSF flux inverse variance (nanomaggies)

petroMag[5] (float32): Petrosian magnitude (mag)

petroMagErr[5] (float32): Petrosian magnitude error (mag)

petroFlux[5] (float32): Petrosian flux (nanomaggies)

petroFlux_Ivar[5] (float32): Petrosian flux inverse variance (nanomaggies)

cModelMag[5] (float32): DeV+Exp magnitude (mag)

cModelMagErr[5] (float32): DeV+Exp magnitude error (mag)

cModelFlux[5] (float32): better of DeV+Exp flux (nanomaggies)

cModelFlux_Ivar[5] (float32): Inverse variance in DeV+Exp flux fit (nanomaggies)

best #s for point sources

model-independent galaxy fluxes 
(good for r < 19 or so)

best #s for faint galaxies

Blanton
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Figure 1. r-band atlas images for HIPEQ1124+03. The deblender has divided
this galaxy into seven children. The “brightest child” (upper left) contains
only 50% of the total galaxy flux. The irregular morphology of this system
is responsible for the large degree of “shredding’.” The combined image is in
the lower-middle panel.

2.2. SDSS Survey

The optical data for this study come from the SDSS Data
Release 2 (DR2; Abazajian et al. 2004) sky area. The DR2 area
is 3324 deg2, ∼1700 deg2 of which overlaps with the 5738
square degree ES region discussed above. The majority of the
overlap falls along the δ = 0 strip (excluding the Galactic plane)
and the DR2 coverage of the northern Galactic cap (−5 ! δ ! 5;
see Garcia-Appadoo et al. 2009 for further details). Automatic
pipelines (Pier et al. 2003; Lupton et al. 2002) reduce the raw
data and store the derived quantities in a catalog. The SDSS
photometric pipeline (PHOTO; Lupton et al. 2002) is optimized
for speed and the faint end of galaxy population. Galaxies in the
tail of angular size distribution (large) and surface brightness
distribution (low) often have unreliable measurements (see
Section 2.3). Therefore, aside from the initial catalog matching
described below, no SDSS catalog data were used for this study.
All photometric quantities were obtained using a new set of
techniques optimized for deriving large galaxy photometry.

2.3. Deblending and Sky Subtraction in SDSS

The SDSS automatic pipelines were optimized for angularly
small, faint objects. It was found that the SDSS catalog values for
angularly large, bright galaxies are often unreliable. Before we
re-derive the photometric values for the ES/SDSS sample, we
will briefly discuss and quantify two of the problems with large,
bright galaxies in the SDSS, namely issues with deblending (or
shredding), and sky subtraction. Both of these problems have
been discussed in previous papers (e.g., Abazajian et al. 2004,
2009) but require additional attention as they have particular
relevance for the ES/SDSS sample.

The SDSS photometric pipeline (PHOTO; Lupton et al. 2002)
identifies objects in SDSS fields and extracts them into individ-
ual atlas images for photometric analysis. When one object falls
in front (or near) another on an SDSS field, the parent images
are sent to the deblender. The deblender separates the two objects
into children, and photometry is performed on both images in-
dependently. For most objects in SDSS, this process works well.
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Figure 2. Cumulative distribution of the fraction of flux in the brightest child
of deblended ES/SDSS galaxies. The dashed line indicates the level at which
galaxies have at least 90% of their flux contained in the brightest child. This
accounts for more than 75% of the total sample. The dotted line shows the
median value of the sample. Half of the objects have brightest children with
more than 96% of the total flux.

However, in galaxies with large angular extent, irregular mor-
phology or LSB, PHOTO deblends more children than it
should; H ii regions and spiral arms are frequently separated
from their parent galaxies. Because these galaxies are “shred-
ded” into multiple pieces, accurate photometry is prohibited by
the standard photometric pipeline.

Using the ES/SDSS sample, we demonstrate the amplitude
of the deblending problems in the SDSS catalog. Some of the
galaxies deblend perfectly; no significant amount of flux has
been removed, and the foreground stars have been correctly
deblended. However, in some cases, the deblending is quite ex-
treme. Figure 1 shows the seven children that were shredded
off of the ES/SDSS source HIPEQ1124+03. The aggressive
deblending resulted in the brightest child (upper left) only
containing 50% of the of total flux. The SDSS catalog pho-
tometry for HIPEQ1124+03 is therefore completely unreliable.
We quantified the magnitude of the deblending problem in the
ES/SDSS sample by examining the fraction of flux in the bright-
est child for each of the ES/SDSS galaxies. Figure 2 shows
a cumulative distribution of the fraction of flux contained in
the brightest child for the ES/SDSS sample. Roughly 75%
of the galaxies have more than 90% of their flux contained in
the brightest child. The remaining 25% have irregular mor-
phologies, are flocculant (H ii regions are removed as stars), or
have LSB, with a number of brightest children having less
than 50% of the total galaxy flux. We discuss our method for
remedying the deblending problems in the ES/SDSS sample in
Section 4.1.

Problems with the sky subtraction for bright SDSS galaxies
have been recently identified in the literature (Mandelbaum et al.
2005; Bernardi 2007; Lauer et al. 2007; Adelman-McCarthy
et al. 2008; Abazajian et al. 2009). Previous simulations indicate
that the magnitude of the sky subtraction error can be as high
as 0.4 mag (Masjedi et al. 2006; Abazajian et al. 2009). Like
deblending, the sky subtraction algorithm (see Lupton et al.
2002) is optimized for small, faint objects and uses a 256 ×
256 pixel mask to determine the sky value in 128 pixel intervals
across an SDSS field. If a galaxy in the field takes up an
appreciable fraction of the mask, the sky is overestimated
(and oversubtracted). Therefore, we find that angular size,
and not magnitude is the main determiner of sky subtraction
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Large Scale Structures in the ISM 97

Figure 1. H i velocity channel grey-scale image of GSH 277+00+36 at v =
36.3 km s−1. The image shows the multiple chimney openings as well as the
small-scale structure of the shells walls.

3. Physics of H I Shells: GSH 277+00+36 as an Example

Recent high resolution images of H i supershells have allowed us, for the first
time, to resolve a large fraction of the ISM evolutionary life cycle as related to
supershells. Figure 1 is a high-resolution image of a Galactic H i supershell,
GSH 277+00+36 (McClure-Griffiths et al. 2003). This image has a resolution
of ∼3′ across the entire 100 deg2 field, corresponding to a physical resolution of
∼6 pc at the distance of the shell. GSH 277+00+36 has a diameter of 610± 45
pc and an expansion velocity of 20 km s−1 (McClure-Griffiths et al. 2000) . In
order to explain its size and rate of expansion, McClure-Griffiths et al. (2000)
estimate an initial expansion energy of ∼2.4 × 1053 ergs. GSH 277+00+36 is

McClure-Griffiths+ 2009
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angle,8 !p. The length of the vectors is proportional to the mea-
sured fractional polarized intensity of the star, with a vector of
5% fractional polarization shown in the key at the bottom left. In
the regions covered by the cloud there is a remarkable agreement
between the orientation of the polarization vectors and the di-
rection of the cloud’s filaments. By contrast, in the area l ! "2#

and b $ "3# there is very little absorption associated with the
cloud and these regions show disordered polarization vectors.
Referring only to the area covered by the cloud (l > "3#, b >
"3#), the mean polarization angle is h!pi ¼ 53# & 11#. The
polarization angle for polarization arising from polarization
of background starlight is parallel to the magnetic field direc-
tion such that the angle of the magnetic field, !B, also equals
53# & 11#.

Stellar polarization measurements probe the magnetic field
integrated along the line of sight, which can lead to a superpo-
sition of structures in the observed vectors. Because we initially
included all stars out to 2 kpc distance it is also possible that the
magnetic field orientation observed is not associated with the
R-C cloud, but located behind it. To test this we examined only
stars out to a distance of 200 pc and found that, although the
sample size is smaller, the mean polarization angle agreed with
h!pi ¼ 53# to within the standard deviation of the full sample.
This suggests that the dominant magnetic structure along this
line of sight lies within 200 pc and the very good alignment with
the R-C H i strands suggests that they are related.

5. DISCUSSION

5.1. Magnetic Field Strength

Measurements of stellar polarization do not directly yield a
measurement of the strength of the magnetic field. However,

Chandrasekhar & Fermi (1953) suggested that the variance in an
ensemble of polarization measurements can be used to estimate
the strength of the field. This method is often applied to mea-
surements of starlight polarization due to dust (e.g., Andersson
& Potter 2006) and has been tested against theoretical MHD
models by Heitsch et al. (2001) and Ostriker et al. (2001). The
technique assumes that turbulence in the magnetized medium
will randomize the magnetic field and that the stronger the reg-
ular field is, the less it is disturbed by turbulence. Using the
Chandrasekhar-Fermi (C-F) method, as modified by Heitsch
et al. (2001) the strength of the magnetic field in the plane of the
sky can be estimated as

hBi2 ¼ "4#$
%2
v

%(tan &p)
2
; ð5Þ

where %v , is the turbulent line width for the R-C filaments, $
is the density of the medium, &p ) !p " h!pi, and " is a correc-
tion factor (e.g., Heitsch et al. 2001). For small values of &p ,
%(tan &p) * %(&p). The derived magnetic field depends on the
assumed value for ". Heitsch et al. (2001) found that for simu-
lated molecular clouds the value of " required to reconcile the
C-F estimated field strength and the input field was in the range
0.2–1, with an average value of 0.5 for the ensemble of simu-
lated clouds. Ostriker et al. (2001) also found an average correc-
tion factor of 0.5 for simulated molecular clouds, although with
a smaller dispersion.

To estimate the magnetic field strength in the R-C cloud
we will adopt " ¼ 0:5. The dispersion in the measured stellar
polarization angles toward the R-C cloud is %(&p) * 11# and,
as before, $ ¼ 1:4mHnH ¼ 1:1 ; 10"21 g cm"3 and %v ¼ %turb ¼
1:4 km s"1. We therefore estimate that hBi + 60 'G. Because of
the uncertainty in the correction factor, ", for a given cloud, the
field strength estimated from the C-F method must be regarded
as a rough estimate, probably only good to within a factor of 2.

As an alternative to the C-F method, we can estimate the mag-
netic field strength assuming equipartition of the magnetic and
kinetic energy densities in the cloud. The R-C cloud filaments
appear to be very straight compared with other structures ob-
served in the ISM. Magnetic tension can provide a mechanism
for holding filaments straight against turbulent effects. For the
magnetic field to dominate the structure it must dominate over
internal turbulence and gravitational effects. We can estimate the
relative contributions of the kinetic, gravitational, and magnetic
energy densities,KGM, respectively. The kinetic energy density
for an H i cloud is given by

K ¼ 3=2(1:4mH)nH%
2 ¼ 2:1 ; 10"33 NH!v 2

!s
ergs cm"3; ð6Þ

where !v is in km s"1 and !s is in pc. Considering just the
filaments of the R-C cloud, where NH + 1 ; 1020 cm"2, !v +
3:5 km s"1, and!s * 0:07 pc if the filaments are cylinders, then
the kinetic energy density is K ¼ 3:7 ; 10"11 ergs cm"3. If the
filaments are edge-on ribbons instead of cylinders then the kinetic
energy density will be smaller.

If we approximate the filaments as cylinders of r ¼ !s/2 and
length L, then the total gravitational energy is given by W ¼
"GM 2 /L (Fiege & Pudritz 2000) and the gravitational energy
density is

G ¼ G#(1:4mHnHr)
2; ð7Þ

8 The polarization angles are measured such that !p ¼ 0# when the vector
points toward up and increases in a clockwise direction.

Fig. 6.—H i image of the R-C cloud at v ¼ 4:95 km s"1 overlaid with vectors
of stellar polarization fromHeiles (2000). Themeasured polarization vectors are
aligned with the magnetic field direction. The length of the vectors is propor-
tional to the measured fractional polarized intensity, with the scale given by the
5% fractional polarized intensity vector shown by the scale of the vector in the
bottom left corner.
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LAB: ~10^2 x ~10^2 x 10^3

GALFA-HI: ~10^3 x ~10^3 x 10^4

GASKAP: ~10^4 x ~10^4 x 2x10^4

SKA: ~10^5 x ~10^5 x 4x10^4


